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Abstract
In this paper, an overview and an analysis is given of the different
engineaing todls that are & our disposa for designing a metdlic
removal solution

Introduction

Wet chemistry is the most powerful and the most versatile process
avail able today to remove metali c impuriti es from surfaces. The state of
the dements in the solution is the first important asped of any wet
cleaning chemistry. There ae quite afew engineging tools available to
predict any contaminants state in any kind o solution. The next
important asped is the state of the surfaces on wafers. Almost all
surfaces of interest can be divided in 2 main groups: the hydroxide
terminated oxide or the hydride terminated sili con surface Both surfaces
reac very differently with metalli c impurities and therefore, the adhesion
mechanisms, the alsorption forces and the deaning solutions should be
understood.  Different engineging tools exist to approach these
questions.

Engineering Tools
The important parameters for cleaning metalli ¢ impuriti es from surfaces
are;
- State of the dementsin the solution
- Stateof the surfaceto be deaned
- Interadions between the surfaceand metalli c ions
All of theinteradions can be understood and modeled by using the
following enginee&ing todls:
- Pourbaix diagram
- Standard Reduction Potential Table
- Solubility Product Table
- Readion constants with silicagel
- Anaogy with hydrolysis behavior
- Hydrolysis prediction
- Hydroxides slubility contstants
- Evansdiagram
- Chelating agent constants
It isimportant to understand the usefulnessand the information provided
by each different engineaing tool.
Thefirst engineaing tod isthe Pourbaix diagram. An example of the
Pourbaix diagram for Cuis snowninfig. 1.
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Fig. 1. Pourbaix diagram for Cu.

The Pourbaix diagram is useful in many ways. E.g. in order to review the
state of the elements or impurities in solution. The Pourbaix diagram
represents the State of the dements af.o0. pH, redox potentid, interading
anions. One has to remark however that it is important to review the
interadions that are taken into acount when constructing the diagram.
The second engineaing tool is the standard reduction potential table.
Thisis saownin

table 1.

table 1. Standard reduction paential table.

E°(V vs NHE)

03+ 2H +2¢ = O+ H,0 207
H:0; + 2 H' +26 = 2H,0 1776
C AU+ 3¢ o Au 150
O, +4H' +d& = 2H,0 1229

Ag'+e - Ag 079
Cu+e - Cu 0521
Cte - Cu 0337

2H' +26 « H, 0.000
Pb”+2¢ - Pb -0.126
Ni**+2¢ o Ni -0257
Fe’' 426 = Fe -0.440
SO, +4H' +4e o S +2H,0 0857
A¥ 38 o Al -1662
Mg +2¢ = Mg -237

The disiivatitage of thistableisthat it only provides a 1-dimensiona cut
of the Pourbaix diagram. The avantage is that more
readions/interadions can be taken into acmunt than in the Pourbaix
diagram.

The 3" engineaing tod is the solubility product table shown in table 2
for the hydroxides.

Table 2. Solubility product table for the hydroxides.

Solubility of selected metal hydroxides a pH=7 and pH=10

Metal | Solubility (ppb) at pH=7 Solubility (ppb) at pH=10
Al 510" 54107
cat Very high Very high
cu™ 1*10° 1*10°
Co™ 610° 6

Fe™ 2¢10° 0.2

Fe™* 1+10%° 1104
Pb™ 300 3+10*
Mg™ Very high 1*10*
Mn** Very high 1*10°
Hg™ 6+10* 6100
NI 310° 3

sn*™ 610° 610"
Zn* 410° 04

The solubility product table of the hydroxides can be used to read out the
hydrolysis tendency and therefore the readion o metalic ions with the
siland groups on the wafer surface It also shows the predpitation
behaviour of metal hydroxides.

Tod nr. 4 are the literature values for silicagel. These mnstants provide
a numericd value to cdculate the mverage of the SIO, surface with
metallicions.

Tod nr. 5 are the hydrolysis constants. Readion constants of metallic
ions with the silandl surface ca be derived from its hydrolysis constant,
which can be found in the literature.

Tod nr. 6 is the hydrolysis constant prediction. If the hydrolysis
constants are not available or not easily looked up one can use the
charge number and the ionic radius to predict a metals hydrolysis
constant.

The hydrolysis constant can aso be predicted by using engineeing tool
nr. 7, which provides us with a prediction based on the hydroxide
predpitation table or aternatively the Pourbaix diagram.

The 8th tool available to a deaning engineg is the Evans diagram. The
Evans diagram can be used to cdculate the potentia of the surface andis
important when deding with bare silicon surfaces. An example of the
Evansdiagramis srowninfig. 2.
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Fig. 2. Evans diagram for Fein H,0.

The last tod available is the delating agent constant tables. These
shoud be used when engineaing cleaning solutions with chelating
agents.

Summary
In this paper the different engineaing tools for approaching metalli c
impurity interadions with the wafer surface ae presented. A thorough
understanding of all these toolsisfundamental for any cleaning enginea.



